SUMMARY We compared clinical and arteriographic features in 27 white and 24 black patients with symptomatic posterior circulation occlusive disease. The degree of arterial stenosis was measured independently by two examiners at 12 sites within the vertebrobasilar territory. Racial comparisons were made based upon the distribution of extra-and intracranial occlusive lesions and symptomatic sites of the lesions.
STUDY OF THE VERTEBROBASILAR VESSELS at necropsy by
Yates suggested that occlusive cerebrovascular disease was common in the cervical portions of the vertebral artery but was rare intracranially. 1 Later, arteriographic studies by Meyer et al 2 and Bauer et aP corroborated the earlier pathologic findings and also noted a high prevalence of intracranial occlusive disease. In post-mortem examinations, Castaigne et al 4 and others 5 " 8 have observed the frequent occurrence of occlusion or stenosis of the intracranial vertebral artery, and the basilar artery. 9 -l0 We have recently described a racially mixed group of patients with anterior circulation ischemic stroke who had cerebral angiography." We found that black patients had more severe occlusive disease of the middle cerebral artery whereas white patients had more severe disease of the internal carotid artery origin. Differences were not explained by racial differences in the prevalence of hypertension, diabetes, hypercholesterolemia or ischemic heart disease. Since parallel racial differences might exist in the distribution of occlusive posterior circulation disease, we studied a racially mixed group of patients with angiographically documented ischemic vertebrobasilar disease.
Methods

Study Population
Four medical centers pooled their resources to determine racial differences in the distribution of vertebro-basilar territory occlusive disease. Stroke records of all patients with a discharge diagnosis of acute, symptomatic posterior circulation occlusive cerebrovascular disease (stroke or transient cerebral ischemia) who had cerebral angiography were reviewed. Patients with the following discharge diagnoses were then eliminated: emboli of cardiac origin, artery-to-artery emboli causing distal vessel occlusion, cerebral aneurysms, arteriovenous malformations, fibromuscular dysplasia, arterial dissection, vasculitis, hematologic disease, and subdural and epidural hematomas. Discharge diagnoses were based upon the clinical and laboratory criteria set forth in the Harvard Cooperative Stroke Registry. 12 Only patients with angiographic lesions in the vertebrobasilar system were included. Angiographic studies were available in 51 patients including 27 whites (19 men and 8 women) and 24 blacks (17 men and 7 women).
Study Design
Rapid serial cerebral angiography was performed by conventional (nonmagnification) biplane technique in 44 cases. Routine anteroposterior and lateral views were supplemented by oblique projections in special instances. Digital subtraction arteriography by direct arterial injection was performed in an additional 7 cases. Routine examinations included anteroposterior and lateral projections.
All conventional and digital subtraction arteriographic studies were performed by either a transfemoral or brachial route. The pertinent angiographic films were selected, and patient identification markings were masked. All films were reviewed independently by two graders. Each examiner measured the degree of stenosis at the following sites: vertebral artery origin (1st portion); vertebral artery as it traverses through the foramina transversaria (2nd portion); vertebral artery as it curves around the atlanto-axial junction (3rd portion); intracranial vertebral artery (4th portion); proximal, middle and distal basilar artery segments; origins of the posterior inferior cerebellar artery (PICA), anterior inferior cerebellar artery 786 STROKE VOL 16, No 5, SEPTEMBER-OCTOBER 1985 (AICA), superior cerebellar artery (SCA) and posterior cerebral artery (PCA) (P, segment or peduncular portion); and the second segment of the posterior cerebral artery (P 2 or ambient segment). The first three portions of the vertebral artery were designated as extracranial. The remaining vessel sites were considered intcracranial. The PICA, AICA, SCA, P, and P 2 portions of the PCA, basilar branches and thalamoperforants were designated as branch arteries. The remaining vertebral and basilar vessel sites were considered trunk arteries.
Perforating arteries, poorly visualized vessels distal to high-grade stenosis, and the distal PICA, AICA, SCA, and PCA branches were not studied. Luminal encroachment was the only factor analyzed. Kinks, tortuosity, dilatation and extrinsic compression by osteophytes or other structures were ignored. Each examiner's measurements were tallied separately. The degree of stenosis (expressed as a percentage) was calculated by the method of Alter et al 13 After the initial rating, the values of the two observers were compared. A significant discrepancy was defined as disagreement between a rating of total occlusion or stenosis (less than 50% residual lumen diameter); stenosis or plaque (between 50 and 99% residual lumen diameter); or plaque versus normal. Each discrepancy was reviewed and a consensus rating was reached. Only 10% of all lesion sites required arbitration.
Patient Characteristics
The following data were collected on each patient: (1) age; (2) sex; (3) race; (4) history of diabetes (defined as dependence on insulin or oral hypoglycemic agents, diet-controlled with a fasting blood glucose greater than 130 mg%, or a persistent fasting blood glucose greater than 130 mg% during acute hospital admission); (5) history of transient ischemic attack (occurring within one year of admission); (6) history of hypertension (defined as past use of antihypertensive medication for blood pressure elevation or past blood pressure recordings with systolic > 140 mm Hg and diastolic > 90 mm Hg); (7) systolic and diastolic blood pressure recordings (taken during the first 24 months of hospitalization); (8) history of myocardial infarction; (9) serum cholesterol level; (10) atrial fibrillation (diagnosed prior to or during acute hospitalization); and (11) past history of angina pectoris or limb claudication.
Statistical Methods
Group means were compared by the two-tailed t-test (approximate normality established) for continuous variables. Proportions were compared by the chisquare test for 2 x 2 contingency tables. Logistic regressions were utilized to investigate the influence of covariates. 14 
Results
Patient Characteristics
Black patients had a higher mean diastolic blood pressure (p = 0.04). Racial differences in age, mean systolic blood pressure and mean cholesterol level were not significant (table 1) . Diabetes was more common in blacks (p -0.007) and angina pectoris was more common in whites (p = 0.05). Racial differences in the incidence of transient ischemic attacks, hypertension, myocardial infarction and claudication were not statistically significant. The sex ratios in the two racial groups did not differ significantly (table 1) .
Distribution of the Stenotic Lesions
For each vessel site in the vertebrobasilar territory, racial differences in the number of vascular lesions of any type (plaques, stenoses or occlusions) and in the number of tight lesions (>49% stenosis) were analyzed by two-by-two contingency tables (table 2) .
Extracranial sites. In the right vertebral artery whites had more tight lesions of the 1 st portion (p = 0.02). In the left vertebral artery whites had more lesions (p = 0.02) and more tight lesions (p = 0.05) of the first portion (table 2) .
Intracranial sites. In the basilar artery blacks had more lesions of the distal segment (p = 0.05). There were no other differences in the distribution of stenotic lesions at individual sites (table 2) .
Severity of the Stenotic Lesions
The severity of stenotic lesions was compared by counting the number of occlusive lesions that were greater than 0% stenosis and greater than 49% stenosis (table 3) . Black patients were more likely to harbor one or more intracranial branch lesions of greater than 0% stenosis and one or more intracranial branch lesions of greater than 49% stenosis than the whites. White patients were more likely to have one or more extracranial main trunk lesions of greater than 49% stenosis. There were no racial differences in the number of occlusive lesions of greater than 0% or greater than 49% stenosis when comparisons were made for combined basilar artery sites, combined intracranial main trunk artery sites, the first segment of the vertebral artery; or for combined, extracranial main trunk artery sites of greater than 0% stenosis.
Symptomatic Loci
For each patient, a determination was made about the vascular lesions most likely to cause the patient's symptoms (either stroke or transient ischemia). At each vessel site, racial differences in the occurrence of symptomatic lesions were analyzed by two-by-two contingency tables ( disease, blacks were found to have more symptomatic intracranial branch disease than whites (p < 0.05, df = 1, chi-square test).
Influence of Other Factors on the Distribution of Vascular Lesions
The black and white groups differed with respect to diastolic blood pressure, incidence of angina pectoris and incidence of diabetes mellitus. A logistic regression analysis showed that in addition to race, diabetes was the only factor which appeared to be associated with the site of occlusive disease in the posterior circulation. This association, however, could not be rigorously supported as the number of diabetic patients Among non-diabetic subjects, there were significantly more intracranial lesions (x 2 = 7.9, p = 0.005, df = 1) and significantly more symptomatic intracranial disease (x 2 = 4.9, p = 0.03, df = 1) among blacks as compared to whites. Among diabetic subjects no differences were observed, although the statistical power may have been too low to detect such differences. In prior studies, we have found diabetes to be more prevalent among subjects with middle cerebral artery occlusive disease as compared to extracranial carotid artery disease.
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Discussion
In these patients with angiographically proven occlusive cerebrovascular disease, white patients had more angina pectoris, more lesions at the origin of the left vertebral artery and more high grade lesions of the extracranial vertebral arteries. Black patients had a higher mean diastolic blood pressure, more diabetes mellitus, more lesions of the distal basilar artery, more high grade lesions of intracranial branch vessels and more symptomatic intracranial branch disease.
These results suggest several racial differences in the distribution of posterior circulation occlusive disease: (1) whites have more frequent and severe extracranial disease of the vertebral artery and (2) blacks have more severe and more symptomatic intracranial branch disease.
Atherosclerotic lesions consisting of fatty streaks, fibrous plaques, calcified lesions, and complicated lesions are frequently identified at necropsy within the larger vessels of the vertebrobasilar system and do not differ qualitatively from atherosclerosis of the anterior circulation or systemic vessels. 4 " 10 ' 15 Ulceration has been less frequently identified and when present has usually involved the subclavian artery at the origin of the vertebral artery. 7 The most common site of atherosclerotic stenosis is the origin of the vertebral arteries.
1 '
" 17 At times, subclavian plaques extend into the proximal 1-3 mm of the vertebral artery producing a ring-like encirclement of the vessel. 78 ' l5 ' l6 The intracranial vertebral artery after it pierces the dura to enter the cranium (4th portion) is another frequent site of occlusive disease. 4 -5 -7 -l5 Aside from these two sites, fibrous plaques and fatty streaks are distributed along the vertebral artery without any single site of predilection but ladder like arrangements of fibrous plaques are often found in the 2nd portion of the vertebral artery adjacent to cervical spondylitic bars. 7 Within the basilar artery, fatty sudanophilic plaques are more prevalent on the ventral surface and stenosis or occlusion is most frequent in the proximal 2 cm of the vessel with less stenosis distally. In the series of Castaigne et al, 4 six occlusions affected the lower third of the basilar artery, five the middle third and 3 the distal third. In another series, distal basilar atheroma was more common. 5 The proximal posterior cerebral arteries are also sites of atherosclerotic lesions but stenosis occurs here less frequently than in the middle cerebral artery.
-7
Atherosclerotic plaques in the major intracranial vertebral or basilar arteries can block branch orifices but the larger posterior circulation branches (PICA, AICA, SCA, anterior spinal arteries) have not been frequent sites for atherosclerotic narrowing. None of the necropsy reports describing the morphology or sites of predilection for atherosclerosis have studied or discussed racial differences.
Angiographic studies 3 in a biracial population, found that lesions causing more than 25% obstruction or complete occlusion of cervical vessels were more common in white than black patients. In the Joint Study of Extracranial Arterial Occlusion, 22 whites consistently exceeded nonwhites in the percentage of patients with lesions judged as surgically accessible (extracranial). Other stroke studies have not addressed the issue of racial differences in the distribution of posterior circulation occlusive disease.'-
In a study of racial differences in the distribution of anterior circulation occlusive disease, we reported more frequent and severe extracranial internal carotid artery disease in whites and more frequent and severe middle cerebral artery and supraclinoid carotid artery disease in blacks. Black patients were also younger, more often female, and had fewer TIAs." When patients with intrinsic disease of the mainstem middle cerebral artery or its major subdivisions were studied in more detail and compared to patients with extracranial internal carotid artery disease, important clinical differences emerged. 23 Middle cerebral artery disease patients were more often diabetic, had fewer TIAs, and clinical deficits evolved gradually over a longer period of time. Extracranial internal carotid artery disease more often caused acute onset deficits, led to more TIAs, and more often was not associated with cerebral infarction. 23 It was postulated that internal carotid artery disease, with its known predilection for ulceration, frequently caused embolic occlusions of middle cerebral artery branches, whereas intrinsic middle cerebral artery lesions were more likely to cause deficits by a "low flow" mechanism.
Racial differences in the distribution and nature of vascular diseases have been noted by others. In a biracial study group Heyden et al 24 found a much higher ratio of middle cerebral artery occlusions to internal carotid artery occlusive lesions in blacks. Heyman et al 25 also noted more intracranial occlusive disease in blacks. Pathologic confirmation of these differences has been provided by McGarry and Solberg. 26 In our study pathologic confirmation is lacking, and the stenotic vessel wall abnormalities are assumed to be atherosclerotic in nature.
Pathologic data about other racial and ethnic groups has been reviewed by Baker. 27 The Japanese, like blacks, have a high incidence of middle cerebral artery Clinical patterns^nd mechanisms of posterior circulation disease have been less well studied than those in the anterior circulation. 35 Lesions of the vertebral artery origin (including subclavian steal) frequently produce transient ischemic attacks but less often stroke. 36 " 38 Disease of the intradural vertebral artery is a frequent cause of the lateral medullary syndrome 39 and of cerebellar infarction. 40 Bilateral intracranial vertebral artery occlusive disease has a dire prognosis due to "low flow" infarcts in the medulla and cerebellum. 41 Basilar artery disease has a variable prognosis: death or "locked-in" state 9 in some patients while others survive with little or no deficit. 42 Branch disease of the penetrating basilar branches is well known 43 -** but intrinsic lesions of the cerebellar artery branches (PICA, AICA, SCA) and posterior cerebral arteries have not been well described. There are significant differences in the clinical picture seen with lesions at various sites in the posterior circulation. 45 Surgical and medical treatments also differ depending on the site of the vascular lesion and its mechanisms of symptom production. 46 -47 Diagnostic strategies will also vary depending on the likelihood of an extracranial or intracranial site. Non-invasive studies and intravenous DSA can define significant extracranial vertebral artery diseases but are not as useful for intracranial definition. Knowledge of the contribution of race to the distribution of posterior circulation lesions will help guide evaluation and treatment strategies for patients with vertebrobasilar occlusive disease. ventricular end diastolic volume in those patients undergoing "hypervolemic" hemodilution. 7 An increase in CBF and CO might result in improved perfusion of potentially viable ischemic tissue which has been identified in some patients with acute stroke using positron emission tomography. Despite the interest in this form of therapy and its basis in cardiovascular physiology, there are no published data on the baseline hemodynamic status of patients entering the hospital with acute strokes. Such data are necessary for designing protocols that will optimize the desired effects on viscosity and cardiac output and that will be safe in patients who often have impaired cardiac function."
This study presents data from 9 patients who under-
